The benefits of cochlear implantation (CI) in the elderly remain debatable in terms of sound and speech perception. Moreover, the results of CI may be affected by the intensity and pitch of spoken language. We conducted a retrospective study to evaluate surgical and hospitalization times, postoperative complications, and hearing outcomes after CI in elderly Koreans. Our study population was made up of 55 postlingually deafened adults who underwent unilateral CI. They were divided into two groups based on age; an older group consisted of 21 patients aged 65 years or older (mean 71.8) at the time of CI, and a comparison group was made up of 34 patients aged 18 to 64 years (mean: 47.5). The mean surgical and hospitalization times and the mean number of postoperative complications in the two groups were comparable. Auditory outcomes were quantified by the speech reception threshold (SRT), the speech discrimination test (SDT), scores on the Korean version of the Glendonald Auditory Screening Procedure (GASP-K), and categories of auditory performance (CAP) scores. The SDT and GASP-K values were significantly lower in the older group at 3 months, 1 year, and 2 years; there were no significant differences in mean SRT and CAP values. We conclude that elderly patients may obtain appreciable benefits from CI without experiencing serious surgical complications. Nevertheless, difficulties in speech perception should be taken into consideration in older patients.
Introduction
Cochlear implantation (CI) in elderly patients can improve sound perception and quality of life. 1, 2 However, whether older patients achieve the same degree of performance in speech recognition as do younger patients is debatable. 3, 4 Speech perception can vary among languages, particularly with respect to language-related differences in intensity or pitch, and these differences can affect the performance of hearing devices. 5 To the best of our knowledge, no study of auditory outcomes in elderly Korean CI recipients has been previously published. In this article, we describe our evaluation of sound and speech perception and auditory performance outcomes in elderly Korean patients, and we discuss how they differed from those of younger patients.
Patients and methods
We conducted a retrospective study of 55 postlingually deafened adults who underwent unilateral CI to determine how CI affects outcomes in older patients. Patients were divided into two groups based on age. The older group consisted of 21 patients-13 men and 8 women-aged 65 years or older (mean 71.8) at the time of CI. The younger group included 34 patients-13 men and 21 women-aged 18 to 64 years (mean: 47.5).
All patients were implanted with either a Nucleus CI24 (Cochlear; Sydney, Australia) or a Clarion HiRes 90K (Advanced Bionics; Valencia, Calif.) device. The surgeries took place at Chonnam University Hospital over a period of 8.5 years. Patients' eligibility for CI was documented by preoperative audiologic, radiologic, and psychosocial evaluations. Our study end points were surgical and hospitalization times, postoperative complications, and measures of auditory performance at 2 years of postoperative follow-up. The mean duration of deafness before CI was 13.4 years in the older group and 11.8 years in the younger group-not a significant difference. There was no family history of hearing-related diseases or underlying neurologic disorders in any patient. Concomitant pathologies in the older group included hypertension (n = 4), diabetes (n = 3), and chronic obstructive pulmonary disease (n = 1); in the younger group, they included hypertension (n = 4) and chronic renal failure (n = 1).
Causes of deafness in the older group were chronic otitis media (n = 8), presbycusis (n = 6), and sudden deafness (n = 4); the cause was unknown in the remaining 3 patients. In the younger group, the causes were sudden deafness (n = 10), chronic otitis media (n = 4), trauma (n = 3), and ototoxicity (n = 1); the cause was unknown in the remaining 16 patients.
Each implanted device was activated 1 month after implantation, and hearing rehabilitation began at that time. Follow-up ranged from 2 to 10 years.
Assessments of auditory outcomes. Sound and speech perception hearing levels were assessed by the speech reception threshold (SRT) and the speech discrimination test (SDT), respectively. SRT is a bisyllabic word recognition test that results in a threshold level similar to sound perception by pure-tone audiometry. SDT is a speech perception test that uses monosyllabic words.
To determine auditory performance, the Korean version of the Glendonald Auditory Screening Procedure (GASP-K) was used. The GASP-K is an open-set speech perception test consisting of 10 questions received through listening alone. We also calculated categories of auditory performance (CAP) scores as previously described. 6 For comparisons between the groups, we used measurements obtained at 2 years after CI.
Statistical analyses. Data were analyzed using the chi-square test, the Fisher exact test, and the Student t test. A p value of <0.05 was considered to be statistically significant.
Results
The surgical procedure was well tolerated in every patient.
Operation and hospitalization times. Mean surgical times were 207.5 ± 48.8 minutes in the older group and 204.4 ± 47.9 minutes in the younger group. Likewise, hospitalization time was comparable in the two groups-10 ± 2.2 and 9.6 ± 1.1 days, respectively (table) .
Postoperative complications. Postoperative complications occurred in 14 of the 21 older patients (67%) and in 19 of the 34 younger patients (56%); the difference was not statistically significant. The most common were transient dizziness and tinnitus. Dizziness occurred in 8 patients in the older group (38%) and 12 in the younger group (35%). Tinnitus was reported by 5 older patients (24%) and 7 younger patients (21%). A wound infection developed in 1 older patient (5%); it resolved with antibiotic treatment. There were no other complications such as implanted device failure, meningitis, perilymphatic fistula, facial nerve paresis, or delirium (table) .
Auditory outcomes. All measured aspects of auditory performance were significantly improved in both groups 2 years after CI.
The mean SRT at 2 years had improved from 94.3 ± 8.8 to 37.9 ± 7.2 dB HL in the older group and from 93.4 ± 11.8 to 35.1 ± 6.9 dB HL in the younger group. There was no significant difference between the two groups (figure 1). The mean SDT at 2 years had improved from 9.8 ± 15.6% to 45.1 ± 22.9% in the older patients and from 8.5 ± 14.4% to 59.2 ± 21.7% in the younger patients. Nevertheless, the older group experienced a significantly poorer outcome according to SDT results at 3 months, 1 year, and 2 years (p <0.001 for all) ( figure 2) .
The mean GASP-K scores improved steadily, but the score was significantly lower in the older group at 3 months, 1 year, and 2 years (p <0.001 for all) ( figure 3) .
No statistically significant difference in mean CAP scores was seen at 2 years (figure 4). Capture what happens in your practice.
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www.zeiss.com/us/ent-workflow peripheral vestibulocochlear systems. All of these aging conditions are of concern when assessing the results of CI. 1 The duration of deafness is a predictive factor of CI outcome, and it is usually longer in elderly patients. However, in our study, the duration was only slightly longer in the older group, with no statistical significance. Likewise, mean surgical times and the mean number of hospitalization days in the two groups were comparable.
In terms of postoperative complications, transient dizziness and tinnitus occurred to a similar degree in the two groups. In addition, 1 older patient developed a wound infection, which resolved with conservative treatment. Overall, the older patients were well managed during the perioperative period.
Sound perception as reflected by SRT values improved to a similar degree in the two groups. However, the older group still experienced an overall poorer outcome than did the younger group. Speech perception as assessed by SDT scores also improved in both groups, but significantly more so in the younger group. GASP-K scores were also significantly poorer in the older group, but there was no difference in CAP scores.
A wide range of variations in speech discrimination scores has been reported after CI. [1] [2] [3] [4] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Clark et al nicely reviewed 23 published articles regarding this situation. 4 It has been suggested that the decline in cognitive functions such as "working memory" and "speed of processing" might affect auditory perception in the elderly. [20] [21] [22] However, the discrepancies in findings among the various studies have not been clearly explained. Moreover, the mechanisms underlying poor outcomes in older patients need to be further studied.
In addition to diminished cognitive function, some possible explanations for poor speech perception in the elderly may include differences in language characteristics. It has been shown that older patients who speak Chinese experience poor speech perception after CI. 14 Other studies have shown that a tonal language such as Chinese can affect the results of CI. 23, 24 The Korean language features "plain," "tense," "lax," and "aspirated" consonants that are not found in most other languages. 25 In addition, "stop" consonants can have totally different meanings; for example, the plain consonant (/tal/) means moon or month, the tense consonant (/t'al') means daughter, and the aspirated consonant (/thal/) means mask. This kind of delicate acoustic nuance might have affected the speech discrimination in our study, particularly in the older patients.
In conclusion, older Korean patients can attain significant benefits from CI without experiencing serious surgical complications. Our study found similar degrees of improvement in SRT and CAP scores in the older and younger patients. However, the older patients' 
Discussion
Older people tend to have more general health problems-such as hypertension, diabetes mellitus, and respiratory dysfunction-that can influence their activities of daily life. Declines in cognitive function, communication ability, and emotional stability may also occur. In addition, it is likely that older patients will develop degenerative disorders in the central and
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performance was significantly worse in terms of SDT and GASP-K values. The influence of language should be considered in assessing outcomes.
